Context: Educating the public through information campaigns is a commonly used policy approach to public health problems. Yet, experimental methods that assess the impact of information campaigns may misestimate their effects by failing to account for respondents' willingness to receive new information. Methods: This article uses a doubly randomized survey experiment conducted on a nationally representative sample, where some subjects are randomly assigned to an informational treatment about opioids while other subjects are given the choice of whether to receive treatment or not, to examine how public willingness to seek new information shapes the way they update their preferences about policies related to the opioid epidemic. Findings: Among those likely to receive information, treatment has a large positive effect on increasing support for policies that address the opioid epidemic by about one half of a standard deviation. Among those who would avoid this information, preferences appear to be unmoved by treatment. These effects would be missed by standard experimental designs. Conclusion: While redressing information asymmetries is only one part of a public health strategy for addressing the opioid epidemic, our findings highlight the importance of access to and receptiveness toward new information.
challenges estimating the scope of the opioid epidemic and the effectiveness of efforts to address opioid use disorder, overdose, and death (Barocas et al. 2018) . First responders, communities, and families at the frontlines of the epidemic grapple with ever-evolving terrains and uncertainties over how to promote care, safety, and recovery. These frontline members of the public are crucial actors in efforts to address the opioid epidemic. While knowledge alone cannot solve the opioid epidemic, redressing information asymmetries about opioids features prominently in long-standing justifications for regulatory policy making and for public health information campaigns.
Educating the public through information campaigns constitutes a commonly used policy approach to public health problems. Experimental approaches to assessing the impact of information campaigns, however, may misestimate the effects of such campaigns by failing to account for respondents' willingness to receive new information. Using a survey experiment of a national sample of 1,000 respondents conducted through the YouGov platform, this article examines public willingness to seek new information and update their preferences for health policies related to the opioid epidemic. Is the public receptive to new information on the sources of the opioid epidemic and possible remedies? What are the potential implications of the public's heterogeneity for the development and distribution of health information? We offer some preliminary insight on these puzzles. Notably, among individuals who are likely to receive information, our informational treatment has a large positive effect on increasing support for policies to address the opioid epidemic by about one half of a standard deviation. Among individuals who are likely to avoid this information, policy preferences appear to be unmoved by our treatment. These effects would be missed by standard experimental designs.
are more likely to yield durable improvements in public health, however, when they occur in conjunction with commensurate policy changes and local service provision (Wakefield, Loken, and Hornik 2010) .
Despite the potential benefits of information campaigns, formidable challenges confront efforts to educate the public on public health and disease prevention. In general, members of the public vary in their likelihood of encountering information (Zaller 1992) ; and when they do, they may be inclined to discount information that does not comport with their prior predispositions (Kunda 1990) or that comes from sources they deem not credible (Lupia 2013) . Without sufficient context, reports of research findings can exacerbate fatalistic beliefs or induce information overload. 2 These general concerns about the effectiveness of information campaigns manifest in opioid-specific experiments as well. In the context of opioids information and messaging, like other public health challenges, frames and images matter. Referring to the same type of intervention, using the phrase "overdose prevention sites" garnered more public support in experimental conditions than the phrase "safe consumption site" (Barry, Sherman, and McGinty 2018) . The images that experiments use to portray opioid addiction also bear on public respondents' support for punitive policies or support for expanded insurance coverage (Kennedy-Hendricks, McGinty, Barry 2016) . More broadly, the ways in which public health messages are framed can augment partisan differences in public opinion (Gollust, Lantz, and Ubel 2009) . Moreover, correcting inaccurate myths about disease or interventions does not necessarily yield an improvement in behaviors that promote public health (Nyhan and Reifler 2015) . These challenges manifest in regulatory agencies' information-based public health strategies as well.
Information, Education, and Regulation of Pharmaceuticals
Information as a policy instrument to influence health behaviors can target individuals directly, and it can pass through intermediaries such as physicians or pharmacists. The FDA, for instance, engages in both direct and indirect public education through postmarketing regulatory communication that comes in several forms including drug labels, medication guides, safety alerts, and warnings. Part of the logic of government-initiated information distribution assumes consumer empowerment: that information will facilitate patients' abilities to engage actively in their pharmaceutical choices, rather than rely solely on physicians as intermediary experts (Grossman 2014) . In practice, patients and consumers struggle to understand the pharmaceutical information they receive, leading to frequent calls for clear, simple language when communicating with patients and consumers (Hoek et al. 2011) . The effectiveness of these materials depends on consumers reading the label and absorbing the intended message. Yet, studies consistently demonstrate that patients and providers "do not consistently heed [drug] labels" developed to guide and support safe and effective drug use (IOM 2007: 59) . 3 When they do take the time to read a warning, they may or may not accurately act in ways consistent with the intent of the warning (Dusetzina et al. 2012 ). Consumers, for example, may interpret right-to-know disclosures as a strong warning against using the product at all, when the warning was intended to elicit a more moderated consumer response (Bar-Gill, Schkade, and Sunstein 2018) .
While some studies find low consumer understanding of drug warnings overall (Ip et al. 2015) , others highlight the risks and disadvantage facing consumers with limited English skills (Bailey et al. 2011) or limited health literacy (Yin et al. 2013) . 4 Pharmacies do not typically provide drug prescribing and safety information in patients' native languages (Bailey et al. 2011) . Despite guidelines calling for the information on drug labels and in medication guides to be written at a 6th-8th grade reading level, medication guides, on average, are written at an 11th-12th grade reading level (Wolf et al. 2006) . Moreover, many consumers lack the contextual knowledge needed to understand the words and figures presented in drug information, which makes it difficult or impossible for them to use the information appropriately, even if they successfully read it (Ben-Shahar and Schneider 2014). Low health literacy leads patients to have a harder time understanding medication guides (Wolf et al. 2012; Wolf et al. 2014) , to be more likely to misinterpret the risks of a medical procedure (Ben-Shahar and Schneider 2014), or to be more likely take an unsafe dosage of overthe-counter medications (Yin et al. 2013) . Uncertainty over the effectiveness of information campaigns also arises because of the piecemeal nature of most studies. Much of what we know about individual-level responses to safety information comes from studies of particular drugs (Kuehn 2012) , 5 yielding uncertainty over whether the findings extend to other disease indications or patient groups.
In the context of the opioid epidemic, the FDA, along with other federal agencies, has deployed a range of information-based policy approaches. 6 These have included the 2003 FDA warning letter on oxycodone, the 2009 FDA education campaign for prescribers and patients, and the 2012 implementation of the Risk Evaluation and Mitigation Strategies for all opioids. Public health advisories have also emerged from the surgeon general, including the recent call for greater access to naloxone. 7 Similarly, many state legislatures have enacted laws mandating the development and inclusion of education about opioids abuse in school curricula. 8
Empirical Puzzles
Redressing information asymmetries, alone, will not solve the opioid epidemic. Yet efforts to inform the public remain part of the core mission of many agencies and often a key component of more holistic strategies to address this issue. Existing research has demonstrated the broad importance of the framing and content of information about opioids for the general public. Yet broader theories of public opinion imply a more complicated process only partly captured by past work.
Consider two examples using Zaller's (1992) general Receive-Accept-Sample model as a framework to illustrate how the results from an experiment may differ from the dynamics in the world. First, suppose that, as Zaller contends in his reception axiom, exposure to information is correlated with engagement on that issue. In an experiment where information is provided about a complex issue like opioids, the effects of such novel information may be large, since many people are encountering information they have never received before (and are unlikely to otherwise receive 5. For instance, much is known about the effects of warnings associated with antidepressant use (Parkinson et al. 2014; Valluri et al. 2010 ).
6. The FDA has, of course, also deployed a range of regulatory approaches that go beyond information. The FDA can constrain patients' and providers' access to drugs through restrictions on who can prescribe the drugs, how drug refills can occur, and where refills can occur (GAO 2011: 17 in the course of their daily lives). Yet among the small subset of those engaged with the issue -people who care about opioids and follow the issue closely-the effects may be small or nonexistent, as they already know the information being provided. Second, suppose exposure is correlated with prior beliefs. People likely to encounter the information respond as one would hope, becoming more informed and supportive of particular policy, while people who would choose to avoid this information resist the information provided because it conflicts with their prior beliefs, and they move their opinions in the opposite direction of the treatment's desired effects (Zaller's 1992 resistance axiom) . Depending on the size of these two groups, the effects we observe in an experiment might be close to zero, leading us to conclude a campaign is ineffective when the campaign has the desired effect among the population it is likely to reach. Rather than try to infer these processes through measures like education or knowledge that may proxy for exposure and measures like partisanship or ideology that may proxy for resistance, we detail in the next section how scholars can learn more by trying to directly incorporate these dynamics into the design and analysis of their studies.
Data and Design
When will the public seek out information on opioids and what consequence will that information have? Standard survey experiments provide only a partial answer to these questions, offering an estimate of the effect of treatment when everyone receives it (Gaines, Kuklinski, and Quirk 2007) . Instead, scholars and policy makers may wish to know the effects of some informational campaign on those likely to receive it. They may also wish to know how such messages will be received by audiences unlikely to be exposed to such information as divergent responses may suggest the need for alternative communication strategies.
We explore these questions through an experimental design in which some subjects are given an opportunity to choose whether to receive information about opioid abuse in the US, while others are randomly assigned exposure to these facts: information that they may or may not have otherwise chosen to avoid. Experimental designs of this type are common in public health, where they are generally known as patient preference trials (Long, Little, and Lin 2008; Rücker 1989; Torgersen, Klaber-Moffett, and Russell 1996) . They have been used in political science to assess the effects of negative campaigns and partisan media (Arceneaux, Johnson, and Murphy 2012; Gaines, Kuklinski and Quirk 2007; Knox et al. 2019 ).
Our particular study employs a parallel design in which some subjects are randomly assigned to treatment while other subjects are given the choice of whether to receive treatment or not. Subjects were asked two questions about opioid abuse in the US: whether they personally knew someone who had been addicted to prescription painkillers or other opioids and for an assessment of the extent to which opioid abuse was a major problem in the area in which they live. Subjects were then randomly assigned to one of two experimental conditions. Approximately 30% of subjects were assigned to a simple experimental design in which they were randomly assigned to treatment or control with equal probability. Treated subjects were presented with a brief set of informational facts (figure 1) about the opioid crisis taken from an information project by the Truth Initiative, a nonprofit organization, 9 before answering a set of outcome measures detailed below. The treatment aims to mimic the kind of information presented in public health campaigns and often cited in media coverage of the opioid epidemic. Subjects in control proceed directly to the questions.
The remaining 70% of subjects were assigned to a selection experiment in which they were given the option, shown in figure 2, of whether to read some more information on the issue before providing their own on the views on the issue: Subjects who responded "yes" received the information presented in figure 1 Subjects who responded "no" proceeded directly to our battery of outcome measures. For subjects who received the informational treatment, the survey paused for 5 seconds before respondents could advance to the next section. Figure 3 provides a summary of our experimental design and helps illustrate two key strengths of parallel design. First, as the right-hand side Figure 1 Informational treatment seen by respondents who were either randomly assigned or elected to hear more information about the opioid crisis. 
as the weighted average of the treatment effects among those likely to seek out information s s and those likely to avoid such information s a . Second, as the left-hand side of figure 3 shows, we can estimate the proportion a of the people likely to seek out information on opioids when given the chance. With these quantities we can estimate what Knox et al. (2019) refer to as the Average Choice-Specific Treatment Effects (ACTEs) by taking the difference between the average outcome in the selection condition, (that is, the weighted average of those who selected both into and out of treatment, E[YjC = C], and the average of those in the control (in this study, those randomly assigned to read the treatment, E[YjC = E, D = C], and weighting this estimate by the proportion of people likely to select that treatment:
Similarly, we can recover the effect of treatment on those likely to avoid it (s a ) by taking the difference between the average outcome among those assigned to treatment, E[YjC = E, D = T], and the average outcome among those allowed to select into or out of treatment, E[YjC = C], and weighting this difference by the proportion of those likely to avoid that treatment (1-a). Standard errors for a ratio of estimates can be constructed via the delta method (Cameron and Trivedi 2005) .
Data, Outcomes, and Measurement
The data for our study come from a larger survey of 1,000 respondents conducted by the Taubman Center for American Politics and Policy in the fall of 2018 and fielded by polling firm YouGov. YouGov uses matched sampling with poststratification weights to obtain a nationally representative sample from its online panel (Rivers 2006 ). The median respondent in our sample was a 47-year-old white woman with some college experience who identifies as being ideologically moderate and a political independent.
We consider three sets of outcomes designed to measure whether our treatment changed respondents' (1) objective knowledge about the opioid crisis, (2) beliefs about the primary cause of this crisis, and (3) support for general policy measures to address this issue. We measure factual knowledge with a binary indicator for whether subjects could correctly recall the percentage of heroin users who started with a prescription painkiller. To assess subjects' beliefs about the causes of the opioid crisis, we use two binary indicators capturing whether subjects believe the primary cause of the present situation is health care providers or illicit drug use. To capture policy preferences, we use a battery of seven items measuring agreement with various approaches to address the opioid epidemic through education, training, regulation, and the criminal justice system on a 7-point scale (1 = strongly disagree, 7 = strongly agree). For simplicity of discussion, we produce two scales from these seven items using principal components analysis to capture general support for more punitive and more treatmentoriented approaches to the opioid crisis. We use standard measures of demographic (age, income, education, gender, and race) and political variables (partisanship and ideology) to describe who is likely to seek out or avoid information and to estimate heterogeneous effects by subgroup to compare our estimates of the overall average treatment effects (ATE) and choice-specific ACTEs. Our survey also contains information on where subjects report receiving information about opioids, and how the opioid crisis makes them feel. These questions, however, were asked posttreatment, and we use them primarily for descriptive and exploratory purposes.
Results
We begin our discussion with a descriptive analysis of where people report receiving information about opioid addiction. Next, we examine the characteristics of who, when given the opportunity to receive more information about this crisis, chooses to receive or avoid that information. Then, we assess the effects of that information, looking first at whether this information increases objective knowledge about the crisis and then whether such information alters what people believe is the primary cause for this crisis and their beliefs about policies to address this crisis. Finally, we explore some possible explanations for why the effects of information appear to differ by the likelihood of receiving it.
Where Do People Get Information about Opioids? Table 1 presents some descriptive statistics of the self-reported frequency with which people encounter information about opioid addiction from various sources. 10 We see that the news media is far and away the most frequent source of information about opioid addiction with 40% of respondents reporting they frequently received information from the media and another 32% reporting receiving information from this source more infrequently. About half of all respondents report receiving at least some information from health care professionals, 43% report they received information from government agencies, and just over a third report having received information from family and friends. Local schools and pharmaceutical companies were less common sources of information for about a quarter of respondents. Overall, only about 20% of respondents reported receiving no information from any of the six sources, 9% of respondents reported receiving at least some information from all six sources, and nearly two-thirds of respondents reported receiving information from more than one source.
Who Seeks Out Information about the Opioid Crisis?
The results from the previous section suggest a number of policy-relevant patterns about the public's likelihood of encountering information on the opioid crisis. First, a significant portion of the public, about 1 in 5, reports receiving no information from any of the six sources we listed. Second, the remainder of our sample reports receiving information from a relatively diverse array of sources, with the media being the primary and most frequent source of information. We now consider characteristics of who is likely to seek out such information, when given the choice (albeit in the context of taking an online survey) to seek out additional information on the opioid crisis.
Of the 712 subjects assigned to the choice condition in our experiment, 395 elected to receive more information about the opioid crisis (55%), while 317 chose not to receive this information (45%). Figure 4 examines how these two groups of respondents differ along eight dimensions. Subjects who choose to receive additional information were about 8% more likely to report knowing someone who had struggled with addiction (46% vs. 38%, p < 0.05) and marginally more likely to report that opioid addiction was a major problem in their community (41% vs. 35%, ns) compared to subjects who opted not to view the additional information. People who elected to receive additional information were also more likely to have higher levels of education and income, less likely to be racial minorities, and more likely to identify as Democrats and liberals.
Effects of Information
The results from figure 4 suggest that people open to receiving information about the opioid crisis differ in a number of ways from those who, Figure 4 Differences between subjects who choose or avoid additional information on the opioid crisis.
322 Journal of Health Politics, Policy and Law given the choice, might opt to avoid such information. It seems likely, then, that the effects of such information will vary conditional on the likelihood of receiving it. We examine this possibility first with regard to the objective knowledge subjects gained from our experiment. Figure 5 shows the average treatment effect (ATE) in green, compared to average choice-specific treatment effects (ACTEs) among those likely to choose or avoid our informational treatment in red, as well as conditional average treatment effects (CATEs) in blue for the subgroups from the previous section. Point estimates, confidence intervals, and p-values are provided in table 2. Overall, the treatment appeared to increase the probability that respondents would correctly identify the percent of heroin users who started with prescription pain killers by 25 percentage points from 30% in the control 55% in treatment (p < 0.05). The effects are slightly larger for those likely to seek out this information (29 percentage points) compared to those who would avoid this information (21 percentage points), but the differences are nonsignificant. The effects are generally similar in size and sign across various subgroups, ranging from a minimum, nonsignificant increase of 6 percentage points for independents and a maximum increase of 47 percentage points among liberals (p < 0.05). These initial results provide evidence that people did in fact receive and understand the treatment. But it should not be too surprising that when you provide people with simple, factual information many of them are able to recall this information when prompted shortly thereafter. The more interesting question is what people do with this information and how they update their beliefs and preferences. Figure 6 examines the effects of treatment on subjects' beliefs about the primary cause of the opioid crisis-specifically, the extent to which subjects are likely to attribute responsibility for the present crisis to health care providers (left-hand panel) or illicit drug use (right-hand panel). Point estimates, confidence intervals, and p-values are provided in tables 3 and 4. Three features of these results are particularly striking. First, in both cases, a standard survey experiment would suggest that our informational treatment had no effect. Second, these null results for the ATE mask significant substantive differences uncovered by our ability to estimate ACTEs for people likely and unlikely to receive our treatment. Specifically, subjects who would opt to receive information when given the chance are more likely to attribute blame to health care providers and less likely to attribute blame for the current crisis to illicit drug use. In contrast, when subjects who would prefer not to receive any additional information about the opioid crisis do receive that information, they are Next, we examine the extent to which our brief informational treatment influenced subjects' general support for policies to address the opioid crisis through more treatment-focused approaches emphasizing education, regulation, and health care, and more punitive approaches emphasizing arresting dealers and users. Figure 7 presents the ATE, ACTEs, and CATEs from our analysis using our summary measures of policy beliefs (point estimates, confidence intervals, and p-values in tables 5 and 6). Again, we see a similar pattern of results to what we found when considering causal attributions. Among those likely to receive this information, treatment has a large positive effect on increasing support for treatment-oriented policies to address the opioid epidemic but no effect on support for more punitive approaches. Among those who would avoid this information, preferences appear to be unmoved by treatment. These effects would be missed if we looked only at the ATE from our experiment, and analysis of subgroups yields some idiosyncratic evidence of heterogeneity.
As noted above, people who chose to receive information about the opioid crisis differed in a number of observable ways from those who elected to avoid such information, but those differences fail to predictably explain the divergent pattern of responses we see among those likely and unlikely to receive our treatment. We conclude with a brief, exploratory analysis of some of the ways these two groups-information seekers and avoiders-differ in their emotional evaluations of the opioid crisis. While primarily a descriptive exercise, it may help explain why, when presented with the same information, people seem to respond in divergent manners. Figure 8 presents the average responses across each of our four treatment groups to a set of questions asking subjects how often they felt angry, empathetic, indifferent, powerless, resentful, and sad toward individuals addicted to opioids. In no case did our brief informational treatment appear to influence subjects' summary emotional evaluations of this larger issue. But as the bottom set of averages illustrate, people willing to seek out information on the opioid crisis feel very differently toward those addicted to opioids than those who would avoid such information do. Those open to receiving information are less likely to report feeling indifferent and resentful and more likely to report feeling empathetic, powerless, and sad. As an early exploratory exercise, these descriptive results may help shed light on why information effects these two groups differently. In this section we consider some possible threats to the validity of our inferences as well as some alternative explanations for our reported results. First, while we believe our approach possesses greater external validity than standard forced-exposure designs common to other experimental studies, it is hard, if not impossible, to perfectly capture the informational choices of everyday life. Alternative designs might vary the type of information (e.g., factual statistics vs. personal narratives) or the format through which information is conveyed (text vs. audio), as well as the number of choices presented although increasing the diversity of choices requires imposing additional assumptions and analytical constraints (see Knox et al. 2019) . While the present experiment may not perfectly capture real life (few if any do), we believe it provides a reasonable approximation of the kind of choices people make when deciding whether to read an article or throw out an informational postcard. Another fruitful direction for further research would be to examine the dynamics of choice over time (Broockman and Kalla 2016; Druckman, Fein, and Leeper 2012) . Second, a threat to the internal validity of our estimates arises from the possibility that when offered the choice to read information, people process that information differently than if they'd been randomly assigned to that information (Evans and Stanovich 2013; Kahneman 2011) . For example, dual-process models of human cognition posit two systems for how individuals process information. System 1 captures the automatic processes like heuristics that individuals use to process information efficiently, while system 2 describes the more active, deliberate thinking individuals engage in when presented with a task that requires cognitive effort. It is possible, then, that most subjects in the experimental arm of the survey are engaged in the default of system 1 processing, while subjects given a choice are prompted to engage in more effortful, system 2 processing. A related concern comes from the possibility that our choice condition creates demand effects, where respondents are adjusting their responses to match the presumed desired responses of researchers (Orne 1962) .
While these are important and valid concerns, we believe our main results still hold for the following reasons. First, with regard to demand effects, Mummolo and Peterson (2019) suggest online survey experiments may be less affected by such concerns and present evidence showing little difference in treatment effects even when subjects are provided with information and incentives related to an experiment's purpose (see also de Quidt, Haushofer, and Roth 2018) . Second, if our study is subject to demand effects, it seems unlikely that the bias would be particularly larger among subjects given the choice to receive information compared to subjects randomly assigned to receive it. And indeed, for our measure of factual knowledge, the ATE and ACTEs are quite similar.
Where these estimates diverge, it is possible that these differences reflect a pattern of systematically different cognitive processing induced by our experimental treatment; but, again, we believe several factors weigh against this interpretation as the sole explanation for our results. First, for all subjects who received the information, the survey paused for a brief period (5 seconds) to ensure that subjects had time to read the facts. Second, the total survey times for respondents who selected to read the article where not statistically distinguishable from those randomly assigned to read the article. Third, we believe the descriptive differences in emotional evaluations of the opioid crisis by decision to encounter information are more consistent with persistent differences in how people process that information rather than design-induced changes in the way people cognitively processed our informational treatment. Still, we cannot rule out this interpretationand future studies using similar designs might explicitly include measures designed to distinguish between attitude changes arising from system 1 versus system 2 processing.
Finally, we have broadly argued that our results show how the effects of information about the opioid crisis vary based on the likelihood that a person encounters it. For policy makers, we believe the effect of some intervention on its likely recipients is often of particular interest. Of course, policy makers and scholars may also wish to know why a treatment had the effect it did and why that effect varied. Here too, we believe our design offers added insights above standard approaches. As figure 4 shows, people opting into and out of our informational treatment differ along a number of theoretically relevant dimensions-people who received the information were more likely to have personal experience with the opioid crisis, to have higher levels of income and education, more likely to be white, and to be more Democratic and liberal. In further exploratory analysis conditioning on these subgroups, we find a similar pattern of effects to the main results among those without a college degree, but generally no effect among those with a 2-year degree or higher. With regard to partisanship, we find some suggestive and surprising patterns. For example, independents who would choose to receive information are more likely to attribute blame for the opioid crisis to health care providers, while independents who would avoid information are less likely to do so. Our claim is not that these factors don't matter, but instead that many of them are likely to matter in ways that condition both exposure and response to information. By allowing researchers to observe this process directly, our design creates opportunities and insights for future research to explore why one message worked the way it did or how a different message might be tailored to reach a particular audience in the context of the opioid crisis specifically or in the context of other public information campaigns more broadly.
implications of this damage for future efforts to convey important information to the public via health care professionals? Recent surveys suggest "the public placed the most blame on doctors who inappropriately prescribe painkillers" when asked "who is mainly responsible for the growing [opioid] problem" (Blendon and Benson 2018) . Given the importance of receiving information from credible sources, future research should examine who the public-or different subpopulations of the public-deem credible.
In the words of one former FDA director, drug safety and effectiveness "is a complex problem that is not solved by government, not solved by FDA alone, and not solved for just one drug" (FDA 2000) . Information asymmetries are only one part of the complex set of reasons that the opioid epidemic emerged. Redressing information asymmetries will be only one part of mitigating the crisis. But, even within the narrow sphere of informational approaches, the results of our experiments highlight the complexity of understanding the effects of information. 
